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Abstract  
Gas-assisted injection molding involves the injection of a short shot of resin into the mold cavity and followed by injection of 
nitrogen gas under high pressure through the nozzle or mold wall.  Gas-assisted injection molding is a relatively new process 
with good compatibility with the conventional injection molding process. It offers a lot of benefits to the manufacturing of 
polymer products, such as reduced molded-in part stress, less warpage, reduced or no sink, and greater design freedom.  The 
product chosen as a case study for this work is CD-Rom tray, which is a thin plastic disc holder that allows a disc to be inserted 
into the optics reader. The material that is being used to manufacture CD-Rom tray is acrylonitrile butadiene styrene (ABS). The 
gas-assisted injection molding was simulated using a commercial computer aided engineering software dedicated for injection 
molding. This study intends to obtain the optimum parameters when five processing parameters were varied, which are melt 
injection time, gas delay time, melt temperature, mold temperature, and gas injection pressure. The quality characteristics 
concerned in this study are volumetric shrinkage, warpage, and weld line.  Based on the study, the optimum parameters setting 
for the CD- Rom tray manufacturing is low level in melt injection time, melt temperature and mold temperature while high level 
in gas delay time and gas injection pressure. By using the optimum parameters setting, the production time and cost can be 
greatly reduced. 
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1. Introduction 
Injection molding is a manufacturing method in plastics processing technology.  As an important method of plastic 
processing, it is well suited for the mass production of components because it usually requires only a single 
operation to convert the raw material into a finished product regardless the product’s geometrical complexity [1-3].   
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Gas-assisted injection molding is a relatively new process in plastics processing arena. It involves the injection 
of a short shot of resin into the cavity and follows by injection of nitrogen gas under high pressure through the 
nozzle or mold wall.  As the nitrogen gas travels through the part, it cores out thick sections with hot interiors and 
pushes the molten material ahead to fill the rest of the mold. Gas-assisted injection molding brings a lot of benefits 
to the manufacturing of polymer products, such as reduced molded-in part stress, less warpage, reduce or eliminate 
sink, and greater design freedom [1-4]. Therefore, this method of manufacturing is experiencing rapid growth in the 
field of polymer processing. 
Along with its implementation in industries, gas-assisted injection molding is also developed for its computer 
aided engineering (CAE). Some CAE softwares are available to simulate the process, and they have been reported to 
produce representative results [4]. In this study, gas-assisted injection molding process was simulated using a 
commercial computer aided engineering software specialized for injection molding. The processing parameters were 
varied, which are the melt injection time, gas delay time, melt temperature, mold temperature, and gas injection 
pressure. A case study was performed, which is manufacture of CD-Rom tray, which is a thin plastic disc holder that 
allows a disc to be inserted into the optics reader. The material that is being used to manufacture CD-Rom tray is 
acrylonitrile butadiene styrene (ABS). The quality characteristics concerned in this study are volumetric shrinkage, 
warpage, and weld line. The optimum injection molding parameters to manufacture the product was determined by 
the use of design of experiment technique. 
2. Methodology 
The gas-assisted injection molding system was modeled by using Unigraphics NX 7.5. Two-plate mold was 
used in this study with the size of 156 x 196 mm2, manufactured by Polimold.  The injection molding machine was 
selected based on its clamping force, in which the clamping force needed to manufacture the product was 34 tons.  
From the machine library, VS55-22 (20.85g) injection molding machine with clamping force of 50 tons was 
selected. Four cavities were used during the simulation to ensure the equal flow length to all cavities without gate 
correction. Tunnel gate was selected as the gate design of this study since it is typically used in two-plate mold. 
Computer aided engineering software Autodesk Moldflow Insight was used to simulate the process. For this study, a 
total of five processing parameters were varied. They were melt injection time, gas delay time, melt temperature, 
mold temperature and gas injection pressure. The values of these processing parameters were determined based on 
the previous researches and from references, and are shown in Table 1. 
 
Table 1: The processing parameters and the processing parameters’ values 
Factor Parameter Low level High level 
A Melt injection time 1 s 3 s 
B Gas delay time 1 s 3 s 
C Melt temperature 220 °C 240 °C 
D Mold temperature 50 °C 70 °C 
E Gas injection pressure 5 MPa 7 MPa 
 
For this study, three injection molding responses (volumetric shrinkage, warpage, and weld line) were 
considered and each of them was assigned to certain weightage. In order to evaluate the optimum parameters setting, 
the dimensional accuracy was set at 80% (i.e. 40% each for volumetric shrinkage and warpage) of the total 
weightage as they are of greater concern. Meanwhile, the aesthetic value (weld line) was set at 20% of the total 
weightage.  The quality characteristic for all responses was for smaller is better. 
 
3. Results and Discussion 
A full run 25 factorial design was implemented and a total of 32 runs were iterated. Table 2 shows the results 
obtained from the simulation runs. 
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Table 2: Result obtained from the simulation runs 
Run no. Volumetric Shrinkage (%) 
Warpage 
(mm) Weld Line 
1 10.04 0.92 28 
2 8.47 0.99 27 
3 9.06 1.03 30 
4 9.32 0.99 30 
5 10.04 0.99 29 
6 9.00 0.80 33 
7 9.06 1.08 30 
8 9.42 1.05 28 
9 9.06 0.88 31 
10 8.36 0.92 26 
11 9.00 1.01 34 
12 10.04 0.91 27 
13 10.01 1.0 26 
14 9.33 0.99 30 
15 8.47 1.00 27 
16 8.48 1.15 25 
17 9.43 0.92 28 
18 9.00 0.81 32 
19 9.42 0.99 26 
20 9.00 1.00 32 
21 8.36 0.93 24 
22 10.04 0.97 28 
23 8.37 1.08 26 
24 8.37 1.19 26 
25 8.48 1.01 26 
26 9.43 0.98 28 
27 9.32 0.98 27 
28 9.06 0.89 30 
29 10.01 0.92 26 
30 10.01 0.85 27 
31 9.33 0.93 29 
32 10.01 0.85 27 
 
In this case study, individual response analysis was conducted for each quality characteristics by implementing 
analysis of variance (ANOVA). This is to investigate the effects of different process parameter setting that 
influences each quality characteristic which has different level of importance.  
In order to minimize the volumetric shrinkage problem, the factors concerned are melt injection time, melt 
temperature, and mold temperature. Table 3 shows the optimum parameters setting for the volumetric shrinkage.  
The predicted final equation in terms of coded factors for volumetric shrinkage is as shown in Eq. 1. Comparing 
between the result from equation to the simulated one, the error was 0.05%, proving the accuracy of the model in 
predicting the actual results. 
 
Volumetric Shrinkage = 9.21+ 0.31*A + 0.49*C + 0.037*D + 0.011*A*C – 0.017*A*D  (1) 
 
 
Table 3: Optimum parameters setting for volumetric shrinkage 
Parameter Code Value 
A – Melt Injection Time - 1 1 s 
C – Melt Temperature - 1 220 °C 
D – Mold Temperature - 1 50 °C 
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For warpage, the predicted final equation in terms of coded factors is as stated in Eq. 2. The percentage of error 
between the predicted and actual was 1.38%, showing that the accuracy of the model in predicting the actual results 
is acceptable. In order to minimize the warpage problem, all the five factors need to be concerned.  Table 4 shows 
the optimum parameters setting for the warpage. 
 
Warpage = 0.97 – 0.039*A – 0.043*B – 0.018*C + 0.013*D – 0.020*E – 0.019*A*B + 0.039*B*C + 0.019 *B*D
            (2) 
 
Table 4: Optimum parameters setting for warpage 
Parameter Code Value 
A – Melt Injection Time + 1 3 s 
B – Gas Delay Time + 1 3 s 
C – Melt Temperature - 1 220 °C 
D – Mold Temperature - 1 50 °C 
E – Gas Injection Pressure + 1 7 MPa 
 
Lastly, the predicted final equation in terms of coded factors for weld line is as stated in Eq. 3. The percentage 
of error between the predicted and actual result is 4.00 % and it proves the accuracy of the model in predicting the 
actual results. In order to minimize the weld line problem, the factors concerned are melt injection time, melt 
temperature, and mold temperature. Table 5 shows the optimum parameters setting for the weld line.  
 
Weld Line = 28.22 + 1.16*A – 0.47*C – 0.22*D – 1.66*A*C – 0.031*A*D + 0.22*C*D + 0.78*A*C*D (3) 
 
 
Table 5: Optimum parameters setting for weld line 
Parameter Code Value 
A – Melt Injection Time - 1 1 s 
C – Melt Temperature - 1 220 °C 
D – Mold Temperature - 1 50 °C 
 
4. Conclusions 
Design of experiment of full 25 factorial design was implemented to obtain the optimum parameters setting in gas-
assisted injection molding simulation using a commercial computer aided engineering software when five 
processing parameters (melt injection time, gas delay time, melt temperature, mold temperature, and gas injection 
pressure) were varied and the injection molding responses concerned were volumetric shrinkage, warpage, and weld 
line. For individual response analysis of volumetric shrinkage, it shows that volumetric shrinkage decreases with the 
decrease in melt injection time, melt temperature, and mold temperature. For individual response analysis of 
warpage, it shows that warpage decreases with the increase in both melt injection time gas delay time and gas 
injection pressure. Decrease in melt temperature and mold temperature also encourages the warpage’s decrement.  
For individual response analysis of weld line, it shows that weld line decreases with the decrease in melt injection 
time, melt temperature, and mold temperature. In addition to individual responses, multiple response analysis can 
also be determined from the empirical equations, and the optimum parameters setting for all three injection molding 
responses is mentioned in Table 6. 
 
Table 6: Optimum parameters setting for the overall injection molding responses 
Parameter Code Value 
A – Melt Injection Time - 1 1 s 
B – Gas Delay Time + 1 3 s 
C – Melt Temperature - 1 220 °C 
D – Mold Temperature - 1 50 °C 
E – Gas Injection Pressure + 1 7 MPa 
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